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(64) Abstract Title: An expandable hanger end pecker 

(57) An apparatus and method of creating a seal between two 
coaxial tubulars so as to create a hanger and a packer. A 
first tubular (200) is disposed coaxlally within a portion of a 
second, larger tubular (400). A portion of the first tubular Is 
expanded into frlctlonal contact with the second tubular, 
thereby creating a liner and a hanger. In one embodiment a 
pattern of grooves (210) and profile cute (205) Is formed in 
the surface of a portion of the first tubular body* The 
grooves and profile cuts In one aspect define a continuous 
pattern about the circumference of the tubular body which 
Intersect to form a plurality of substantially Identical shapeSr 
such as diamonds. The grooves and profile cuts serve to 
improve the tensile strength of the tubular body. At the 
same time, the grooves and profile cuts allow for expansion 
of the tubular body by use of less radial force. The grooves 
and profile cuts further provide a gripping means, providing 
edditlonal frlctlonal support for hanging the expanded 
tubular onto the Inner surface of a surrounding second 
tubular. Carbide Inserts (220) are preferably interdisposed 
within the pattern of grooves, providing additional gripping 
means when the smaller diameter tubular body Is expanded 
Into the second tubular. 




GB 2393199 A eontlnuatlon 

(72) Inventorls): 

Stephen L JadcBon 
Patrick Maguire 
KhalTran 

(74) Agent and/or Address for Servica: 
Marks ft Clefk 
4220 Nash Court* 

Oxford Buslnoss Park South. OXFORD, 
0X4 2RU, United Kingdom 



(12) INTERNATIONAL AWUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bnteau 

(43) International PublicatioD Date 
20 March 2003 (20.03^003) 




PCT 



iiiiinniiiiiiiiiiiiiiiiiiniii 

(10) InteroaUoDal Publication Number 

WO 03/023186 Al 



(51) Internatioaal Patent Classification^: E21B 43/10 

(21) Internatioaal Application Namber: PCT/OB02/03936 

(22) Inteniatioaal FiUng Date: 29 Augast 20Q2 ^9.08.2002) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

09/949,986 
10/132,424 



10 Septemb^200I (10.09^1) US 
25 April 2002 (25-04.2002) US 



(71) Appticant (for IS only): HARDING, Richard, Patrick 
[GB/GB]; Marls & Qeik, 4220 Nasli Coart, Oxford Bua- 
ness South, Oxford, Oxfoidshiie 0X4 2RU {QB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): JACKSON, 
Stephen, L [USAJS]; 2018 Quarterpath, Richmond, 
TX 77469 (US). MAGUIRE, Patrick [CAAJS]; 16234 
Cumberland Trail. Cypress, IX 77429 (US). TRAN, Khai 
[USAJS); 3206 Three Sisters Circle, Ptearland, TX 77581 
(US). 

(74) Agents: MARKS 4^ CLERK etal.; 4220 Nash Court, Ox- 
ford Business Park South. Oxford. Oxfordshire OX4 2KU 

my 



nii Avolkaat (for aa designated States except US): WEATH- (81) Designated States (national): AE, AG, AL, AM. AT. AU. 
EMORD/LAMB, INC [USAJS); 515 Post Oak Blvd. A2.BA.BB,BG,BR,BY.BZ,CA,CH,CN.CO.CR,CU, 
Suite 600. Houston. TX 77027 (US). CZ, DE, DK, DM, DZ. EC, EE. ES. H. GB, GD. GE. GH. 

[Continued on next page] 



B (54) Title: AN EXPANDABLE HANGER AND PACKER 



200 — 



00 




(57) Abstract An apparatus and method of creating a seal between 
two coaxial tubulais so as to create a hanger and a padEer. Afirsttubulax 
(200) is disposed coaxiaUy within a portion of a second, larger tubular 
(400). A portion of the first tabular is expanded into fiictional con- 
tact with ttie second tubular, thereby creating a liner and a hanger. In 
one embodiment, a pattern of grooves (210) and profile cuts (205) is 
formed in the sm&ce of a portion of the first tubular body. The grooves 
and profile cuts in one aspect define a continuous pattern about the 
circumference of the tubular body which mtersect to form a plurality 
of substantially identical shapes, such as diamonds. The grooves and 
profile cuts serve to improve the tensile strength of the tubular body. 
At die same time, the grooves and profile cuts allow for expansion of 
the tubular body by use of less radial force. The grooves and profile 
cuts further provide a gr^)ping means, providing additional frictional 
support for hangmg the expanded tabular onto the inner surface of a 
surrounding second tubular. Caxbide inserts (220) are preferably inter- 
disposed within the pattern of grooves, providing additional gripping 
means when the smaller diameter tubular body is expanded into the 
second tubular. 
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AN EXPANDABLE HANGER AND PACKER 

The present invention relates to weUbore completion. More particularly, the invention 
relates to an apparatus and method for creating an attachment and a seal between two 
5 tubulars in a wellbore. 

In the drilling of ofl and gas wells, a weUbore is formed using a drill bit that is urged 
downwardly at a lower end of a drill string. After drilling a predetcnnined depth, the 
drill string and bit are removed, and the weUbore is lined with a string of steel pipe 

10 called casing. The casing provides support to die weUbore and feciUtates the isolation 
of certain areas of the weUbore adjacent hydrocarbon bearing finmations. The casing 
typically extends down the weUbore from the surface of the weU to a designated depdi. 
An annular area is thus defined between the outside of die casing and the earth 
formation. This annular area is fiUed with cement to permanently set the casing in flie 

15 weUbore and to facUitate the isolation of production zones and fluids at dififerent depths 
widun the weUbore. 



ft is common to employ more than one string of casing in a weUbore. In this respect, a 
first string of casmg is set in fl» weUbore when the weU is drilled to a first designated 

20 depth. The weU is flien drUled to a second designated depth, and a'second string of 
casing, or Uner, is run into the weU to a depth whereby the upper portion of the second 
Uner is overlapping the lower portion of the first string of casing. The second Uner 
string is then fixed or hung in die weUbore, usuaUy by some mechanical sUp mechanism 
weU-known in the art, and cemented. This process is typicaUy repeated with additional 

25 casing strings untU the weU has been drilled to total depth. 

After the initial string of casmg is set, the wellbore is driUed to a new depth. An 
additional string of casing, or Uner. is dien run into the weU to a depth whereby the 
upper portion of the Uner, is overlapping the lower portion of the surface casing. The 
30 Uner string is ttien fixed or hung in di© weUbore, usuatty by some mechanical sUp 
medianism wdl known in die art, commonly refened to as a hanger. 
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Downhole tools with sealing elements are placed witoi the wellbore to isolate areas of 
the wellbore fiiiid or to manage production fluid flow from the well. Ihese tools, such 
as plugs or packers, for example, are usually constructed of cast iron, aluminium or 
5 other alloyed metals and include slip and sealing means. The slip means fixes the tool 
in tiie wellbore and typically inchidcs slip members and cores to wedgingly attach the 
tool to the casing weU. In addition to shp means, conventional packers include a 
synthetic sealing element located between upper and lower metallic retaining rings. 

10 The sealing element is set when the rings move towards each other and compress flie 
element there between, causing it to expand outwards into an annular area to be scaled 
and against an adjacent tubidar or wellbore. Packers are typically used to seal an 
annular area formed between two coaxially disposed tubulars within a wellbore. For 
exanqile, packers may seal an annulus formed between production tubing disposed 

1 5 within wellbore casing. Alternatively, packers may seal an annulus between the outside 
of the tubular and an unlined borehole. Routine uses of packers include &e protection 
of casing from pressure, both well and stimulation pressures, as well as the protection of 
the wellbore casing from corrosive fluids. Other common uses include the isolation of 
formations or leaks within a wellbore casing or multiple production zones, tiicreby 

20 preventing flie migration of fluid between zones. Packers may also be used to hold 
fluids or treating fluids within tiie casing annulus in die case of formation treatment, for 
example. 

One problem associated with conventional sealing and slip systems of conventional 
25 downhole tools relates to the relative movement of the parts necessary in order to set the 
tools in a wellbore. Because the slip and sealing means require parts of tiie tool to be 
moved m opposmg directions, a run-in tool or o^er mechanical device must necessarily 
run into tiie wellbore with ihe tool to create the movement. Additionally, the slip means 
takes up valuable annular space in the wellbore. Also, the body of a packer necessarily 
30 requires wellbore space and reduces the bore diameter available for production tubing, 
etc. 
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A recent trend in weU completion has been flie advent of expandable tubular 
teclmology. It has been discovered that both slotted and soUd tubulars can be expanded 
in situ so as to enlarge the inner diameter. This, in turn, enlarges the path through 
5 which both fluid and downhole tools may travel. Also, expansion technology enables a 
smaller tubular to be run into a larger tubular, and then expanded so that a portion of the 
smaller tubular is in contact with the larger tubulai therearound. Tubulars are expanded 
by the use of a cone-shaped mandrel or by an expander tool with expandable, fluid 
actuated members disposed on a body and run into the wellbore on a tubular string. 
10 During expansion of a tubular, the tubular walls are expanded past Aeir elastic limit 
Examples of expandable tubulars include slotted screen, joints, packers, and liners. The 
use of expandable tubulars as hangers and packers allows for the use of larger diameter 
production tubing, because the conventional sUp mechanism and sealing mechanism arc 
eliminated. 

While expanding tubulars in a wellboic ofTers obvious advantages, there are problems 
associated with using the technology to create a hanger or packer through the expansion 
of one tubular into anoflicr. By plastically deforming the tubular, the cross-sectional 
thickness of tiie tubuhir is necessarily reduced. Simply increasing the initial cross- 
20 sectional thickness of the tubular to compensate for the reduced tensUe strength after 
expansion results in an increase in the amount of force needed to expand the tubular. 

More importantiy, when compared to a conventional hanger, an expanded tubular with 
no gripping structure on the outer surfece has a reduced capacity to s>q>port the wei^ 
25 of a liner. This is due to a reduced coefiRcient of fiiction of the outer surface of an 
expandable tubular in comparison to the sUp mechanism having teeth or other gripping 
surfaces formed thereon. In another problem, the expansion of the tubular in the 
wellbore results in an meffective seal between the expanded tubular and the surrounding 
weUbore. 

30 
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A need therefoTe exists for an expandable tubular cjonnection with increased strength. 
There is a further need for an e^qwrndable tubular connection providing an in^roved 
gripping surface between an expanded tubular and an innar wall of a surrounding 
tabular. Yrt a further need «ists for an expandable tubular configured to allow metal 
5 flow upon e^qiansion to insure contact and sealing cq)abilities between an expanded 
tubular and an inner wall of a surrounding tubular. There is yet a further need for an 
expandable tubular with an increased capacity to support the weight of a liner. 

In accordance with a first aspect of the present invention there is provided an apparatus 
10 for engaging a first tubular and a second tubular in a wellbore, the ^paratus 
comprising: 

atubular body formed on the first tubular, having an inner surface and an outer 
surface, said tubular body being expandable radially outward into contact with an inner 
wall of the second tubular by the application of an outwardly directed force sillied to 
15 the inner surface of said tubular body, and 

gripping means formed on the outer surface of said tubular body for increasing 
fiiction between die first and second tubulars upon expansion of said tubular body* 

Further aspects and preferred features are set out in claims 2 et seq. 

20 

At least in preferred embodiments, the present invention provides a tubular body formed 
on a portion of a first tubular. The tubular body is expanded so that the outer surface of 
tte tubular body is in Motional contact with the inner surface of a surrounding second 
tubular, hi one embodiment, the tubular body is modified by machining grooves and 
25 profile cuts into the surface, therd>y reducing the amount of radial force required to 
expand the tubular body on the first tubular into die surrounding tubular. 

The tubular body optionally includes hardened inserts, such as carbide buttons, for 
gripping the surrounding tubular upon contact The gripping mechanism increases the 
30 capacity of the expanded tubular to support its weight and to serve as a hanger. In 
another aspect, the outer sur&ce of the expandable tubular body optionally includes a 
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pliable material such as an elastomer within grooves and profile cuts formed on the 
outff surface of the tubular for inraeasing tiie sealii^ c^ability of the ejq>andable 
tubular. As the tubular is expanded, metal flow causes the profile cuts to close yap, 
thereby causing the pliable material to extrude outward. This extrusion of the pUable 
5 material insures contact with the casing and improves the sealing characteristics of the 
interfiace between the expanded tubular and &e casing. 

Some preferred embodiments of the invention win now be described by way of example 
only and witti refermce to fbs acconqianying drawings, in which: 

10 

Figure 1 is a perspective view of a tubular having profile cuts fliat intosect comers of 
the grooves formed in tiie outCT sur&ce, and having mserts of a hardened material also 
disposed around the outer surface; 

15 Figure 2 is a section view of flie tubular of Figure 1 ; 

Figure 3 is an exploded view of an exenQ)lary expander tool; 

Figure 4 is a partial section view of a tubular of the present mvention within a wellbore, 
20 and showing an expander tool attached to a woridng string also disposed within the 
tubular. 

Figure 5 is a partial section view of the tubular of Figure 4 partially expanded by the 
expander tool; and 

25 Figure 6 is a partial section view of an expanded tubular in the wellbore witii the 
expander tool and working string ronoved. 

Figure 1 is a perspective view of the apparatus of the present invention. The apparatus 
200 defines a tubular body formed on a portion of a larger tubular. The tubular body 
30 200 shown in Figure 1 includes a series of relief grooves 210 and profile cuts 205 
machined mto the outer surface. However, it is within the scope of fhc present 
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invention to machine some or all of the grooves 210 into the inner surface of the 
expandable tubular 200. The relief grooves 210 and profile cuts 205 serve to reduce the 
thidmess of the tubular 200, thereby reducing the amount of material that must be 
plastically deformed m order to expand the tabular 200* This reduction in material also 
5 results in a reduction in the amount of force needed to eiq)and flie tubular 200. 

As shown in Figure 1, the grooves 210 are maduned in a defined pattern. Employment 
of a pattern of grooves 210 serves to increase fiie tensile properties of the tubular 200 
beyond those of a tubular with straight grooves simply cut around the circiunference of 

10 the tubular. This improvement in tensile properties is due to the fiact tiiat the variation 
in cross-sectional thickness will help to prevent the propagation of any cracks formed in 
the tubular. The pattern of grooves depicted in Figure 1 is a continuous pattern of 
grooves 210 about the circumference of the body 200, wifli the grooves 210 mtersecting 
to form a plurality of substantially identical shapes. In the preferred embodunent, the 

15 shapes are diamonds. However, the scope of this invoitton is amenable to other shapes, 
including but not limited to polygonal shapes, and interloddng circles, loops or ovals 
(not shown). 

In one embodimmt, the profile cuts .205 are formed on the surface of the shapes created 
20 by the grooves 210. The profile cuts 205 are formed at a predetermined depth less than 
the grooves 210 so that the profile cuts 205 will not substantially aSect the compressive 
or tension capabilities of the tubular 200 upon expansion. The profile cuts 205 may be 
horizontal cuts, vertical cuts or combinations thereof to divide each shape into two or 
more portions. Preferably, the profile cuts 205 intersect the comers of the grooves 210 
25 as dqiicted in Figure 1. 

Figure 1 also depicts inserts 220 interdisposed within the pattem of grooves 210 and 
profile cuts 205. The inserts 220 provide a gripping means between the outer surface of 
the tubular 200 and the. inner surface of a larger diameter tubular (not shown) within 
30 which tiie tubular 200 is coaxially disposed. The inserts 220 are made of a suitably 
hardened material, and are attadied to ttie outer surface of the tubular 200 throu^ a 
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suitable means sudi as soldering, epoxyin^ or other adhesive m^od, or via threaded 
connection. In the prefeited embodiment, carbide inserts 220 are press-fitted mto 
preformed apertures in tiie out« surfece of tubular body 200. After expansion, the 
inserts 220 are engaged with the inner surface of a larger diameter tubular (not shown), 
5 thereby increasing the ability of the ocpanded tubular 200 to siqjport the weight of the 
tubular below ^ expanded portion. 

In the embodiment shown in Figure 1, carbide inserts 220 are utilized as the gripping 
means. However, oAer materials may be used for fabrication of the inserts 220 so long 
10 as flie inserts 220 are sufficiently hard to be able to grip the inner surfece of an outer 
tubular during expansion of the tubular body 200. Examples of febrication materials for 
tiie inserts 220 include ceramic materials (such as carbide) and hardened metal alloy 
materials. The caibide inserts 220 define raised members febricated into the tubular 
body 200. However, oflier «ribodimaits of gripping means may alternatively be 
15 employed. Such means include but are not limited to buttons having teelh (not shown), 
or oflier raised or serrated members on the outer surface of the expandable tubular 200. 
Alternatively, the gripping means may define a plurality of hardened tooth patterns 
added to the outer surfece of flie tubular body 200 bctweai fbs grooves 210 themselves. 

20 The embodiment of Figure 1 also depicts a pliable material 230 disposed within the 
grooves 210 and profile cuts 205. Hie pliable material 230 increases the ability of the 
tubular 200 to seal against an inner surface of a larger diameter tubular i^on ejqpansion. 
In the preferred onbodiment, tibe pliable member 230 is febricated fcom an elastomeric 
mat^ial. However, oiher materials are suitable which enhance the fluid seal sought to 

25 be obtained between flie expanded portion of tubular 200 and an outer tubular, such as 
surface casing (not shown). The pliable material 230 is disposed wifiiin the grooves 210 
and profile cuts 205 by a thennal process, or some other well known means. A thin 
layer of (he pliable material 230 may also enc^sulate the inserts 220 and facilitate fhe 
attachment of the inserts 220 to the tubular 200. 

30 



wo 03/023186 



PCT/6B02/03936 



8 

Figure 2 is a section view of a portion of the tubular 200 of Figure L In tbis view, the 
inserts 220 are shown attadied to fht tubular 200 in the areas between the grooves 210 
and at an intersection of the profile cuts 205. In this respect, the mserts 220 are 
interdispersed within the pattern of grooves 210 and profile cuts 205. Figure 2 also 
5 clearly shows &e reduction in cross-sectional ttiickness of the tubular 200 created by the 
grooves 210 and profile cuts 205 before expansion. Figure 2 finttier shows the profile 
cuts 205 formed at a d^th less than the grooves 210. 

The inserts 220 in Figure 2 have a somewhat conical shape projecting firom the outer 
10 surface of the tubular 200 to assist in aigagemcnt of the inserts 200 into an outer tubular 
(shown in Figure 4). For clarity, the inserts are exaggerated in tiie distance they extend 
from the sur&ce of the tubular, in one embodiment, the inserts extend only about 0.03 
indies (0.8 mm) outward prior to expansion, hi another embodiment, the raised 
members 220 are initially recessed, either partially or completely, wifli respect to the 
1 5 tubular 200, and then extend at least partially outward into contact with the casing after 
e^ansion. Such an embodiment is feasible for the reason that &e wall ttdckness of the 
tubular 200 becomes tinned during ttie expansion process, thereby exposing an 
otherwise recessed raised member. 

20 The tubular body 200 of the present invention is expanded by an expander tool 100 
acting outwardly against the inside sur&ce of the tubular 200. Figure 3 is an exploded 
view of an exemplary expander tool 100 for expanding the tubiilar 200. The expander 
tool 100 has a body 102, which is hollow and generally tubular with connectors 104 and 
106 for connection to otho: components (not shown) of a downhole assembly. The 

25 coxmectors 104 and 106 are of a reduced diameter coiiq>ared to the outside diameter of 
the longitudinally central body part of the tool 100. The central body part 102 of the 
expander tool 100 shown in Figure 3 has three recesses 1 14, each holding a respective 
roller 116. Each of flie recesses 114 has parallel sides and extends radially from a 
radially perforated tubular core (not shown) of the tool 100. Each of the mutually 

30 identical rollers 116 is somei;(Aiat cylindrical and banrelled. Each of the rollers 116 is 
mounted by means of an axle 118 at each end of the respective roller 116 and the axles 
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are mounted in slidable pistons 120. The lolleis 116 are arranged for rotation about a 
respective rotational axis that is parallel to the tongitudinal axis of the tool 100 and 
radially offeet therefrom at 120-degree mutual circumferential separations around ibs 
central body 102. The axles 118 are formed as integral end members of the rollers 116, 

5 with the pistons 120 being radially slidable, one piston 120 being slidably sealed within 
each radially ractended recess 114. The inner aid of each piston 120 is exposed to the 
pressure of fluid within the hollow core of the tool 100 by way of the radial perforations 
in the tubular core. In this manner, pressurized fluid provided from the surface of tiie 
well» via a wotkmg string 310, can actuate the pistons 120 and cause them to extend 

10 outward whereby the lollets 116 contact the inner wall of a tubular 200 to be expanded. 

Figure 4 is a partial section view of a tubular 200 of the present invention in a wellbore 
300. The tubular 200 is disposed coaxiaUy wiflun ike casing 400. An expander tool 
100 attached to a working string 310 is visible within the tubular 200. Preferably, iht 

15 tubular 200 is run into the wellbore 300 with the expander tool 100 disposed therein. 
The working string 310 extends below the expander tool 100 to facilitate cementing of 
the tubular 200 in the wellbore 300 prior to expansion of the tubular 200 into the casing 
400. A remote connectian (not shown) between the working, or run-in, string 310 and 
the tubular 200 ten^rarily connects the tubular 200 to the run-in string 310 and 

20 supports the weight of the tubular 200. hi one embodiment of the present invention, the 
temporary connection is a collet (not shown), and the tubular 200 is a string of casing. 

Figure 4 depicts the expander tool 100 with the roUers 116 retracted, so that the 
expander tool 100 may be easily moved within tiie tubular 200 and placed in the desired 
25 location for expansion of the tubular 200. HydrauUc fluid (not shown) is pumped from 
the surface to the expander tool 100 through the working string 310. When die 
expander tool 100 has been located at the desired depth, hydrauHc pressure is used to 
actuate the pistons (not shown) and to extend the roUers 116 so that they may contact 
the inner surface of the tubular 200, thweby expandmg the tubular 200. 
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Figure 4 also shows the caibide inserts 220 attached to the outer surface of the tubular 
200. Because the tubular 200 has not yet been expanded, the carbide inserts 220 are not 
in contact with the casing 400 so as to form a grip between the tubular 200 and casing 
400* Figure 4 also shows the pliable material 230 disposed within the grooves 210 and 
5 the profile cuts 205. 

Figure S is a partial section view of flie tubular 200 partially expanded by the expander 
tool 100. At a predetermined pressure* the pistons (not shown) in the expander tool 100 
are actuated and the rollers 116 are extended until they contact the inside surface of the 

10 tubular 200. The rollers 116 of the expander tool 100 are further extended imtil the 
rollers 116 plastically deform the tubular 200 into a state of permanent expansion. The 
working string 310 and the expander tool 100 are rotated during die expansion process, 
and the tubular 200 is expanded until the tubular*s outer sur&ce contacts the inner 
surface of the casing 400. As the tubular 200 contacts the casing 400, the inserts 220 

1 S begin to engage the inner surfiice of the casing 400. 

The grooves 210 are also ecpanded during this expansion process, tfamby causing some 
of the metal around the grooves 210 to flow away fi:om the grooves 210. The metal flow 
is redistributed in the shallower profile cuts 205, thereby closing the profile cuts 205. 

20 As the profile cuts 205 close, fhe pliable material 230 in the profile cuts 205 extrudes 
outward into contact with the casing 400. Further, the pliable material 230 in the 
grooves 210 fills a space remaining between the grooves 210 and the casing 400. After 
the pliable material 230 contacts die casing 400, the interface between the e:(panded 
tubular 200 and the casing 400 is sealed. The working string 310 and expander tool 100 

25 are then translated within the tubular 200 until the desired Iragth of the tubular 200 has 
been mpanded. 

Figure 6 is a partial section view of an expanded tubular 200 in a wellbore 300, witti the 
expander tool 100 and working string 310 removed. Hgure 6 dqiicts the completed 
30 expansion ivrocess, after v/bxch the expanded portion of the tubular 200 defines both a 
packer and a hanger. As a packer, the expanded portion of the tubular 200 seals the 
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annular area between the casing 400 and ttie tubular 200« As a hanger, the expanded 
portion of the tubular 200 supports the wd^t of the tubular 200. 

Figure 6 shows the engagement between the inserts 220 and the inner surface of the 
5 casing 400. The engagement enables the expanded portion of the tubular 200 to support 
an increased weight in comparison to an expanded tubular without inserts. The inserts 
220 axially and rotationally fix the outer surface of the expanded tubular 200 to the 
inner surfiice of the casing 400. Further* the profile cuts 205 are closed and the pliable 
material 230 that was in the profile cuts 205 and the grooves 210 is disposed in tihe 
10 inter&ce between the expanded tubular 200 and tiie casing 400. 

While the foregoing is directed to embodiments of Hie present invention, other and 
further embodiments of the invention may be directed without dq>arting firom the basic 
scope th^eof, and Hit scope thereof is determined by the claims ibat follow. 

15 
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CLAIMS: 

1. An apparatus for engaging a fiist tabular and a second tubular in a wellbore, the 
^aratus comprising: 

S a tubular body formed on the first tubular, having an inner sur&ce and an outer 

surfece, said tubular body being expandable radially outward into contact with an inner 
wall of Ihe second tubular by the application of an outwardly directed force supplied to 
the inner surface of said tubular body; and 

gripping means formed on the outer surface of said tubular body for increasmg 

10 fidction between the first and second tubulars upon expansion of said tubular body. 

2. An apparatus as claimed in claim 1 , wherein said gripping means defines at least 
one raised member. 

15 3. An apparatus as claimed in claim 2, wherein said at least one raised member 
defines a plurality of inserts. 

4. An apparatus as claimed in daim 3 wherein said inserts are press-fitted into 
preformed apertures in the outer surface of said tubular body. 

20 

5. An apparatus as claimed in claim 3 or 4, wherein said plurality of inserts are 
fabricated fix>m a hardened metal alloy. 

6. An apparatus as claimed in claim 3 or 4, wherein said plurality of inserts are 
25 fiibricated from a ceramic material. 

7. An apparatus as claimed in claim 2, wherein said at least one raised monber 
defines a plurality of buttons having teeth. 

30 8. An apparatus as claimed in any preceding claim« wherein said gripping means 
includes grooves formed in the outer sur&ce of said tubular body. 
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9. An apparatus for engaging a firat tubular and a second tubute 

apparatus comprising: 

a tubular body formed on the first tubular, having an inner surfece and an outer 
5 surfece, said tubular body being expandable radially outward into contact with an inner 
wall of the second tubular by the appUcation of an outwardly directed force suppUed to 
die inner airf ace of said tubular bo^, and 

grooves formed in a surface of said tubular body. 

10 10. An apparatus as claimed in claim 9. wherein said grooves are fonned in the 
outer sur&ce of said tubular body. 

11. An apparatus as claimed in claim 9 or 10, further comprising gripping means 
fonned on the outer surface of the tubular body for further increasing ftiction between 
15 the first and second tubulars upon expansion ofthe tubular body. 

12 An apparatus as claimed in claim 1 1 . wherein the gripping means define raised 
members extending outward ftom the outer surface ofthe body. 

20 13. An apparatus as claimed in any of claims 8 to 12. wherein said grooves are 
f<Hmed in a pattern. 

14. An apparatus as claimed in claim 13 when appended directly or indirecfly to 
claim 2 or claim 12. wherein said raised members define inserts interdiq^osed in the 

25 pattern of said grooves. 

15. An apparatus as claimed in claim 13 or 14, wherein the pattern of said grooves is 
a continuous pattern about the circumference of die body, the grooves intersecting to 
fym a plurality of substantially identical shq?es. 

30 
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16. An ^paratus as claimed in claim 15, wh^ein said substantially identical shapes 
are diamonds. 

17. An s^paratus as claimed in any of claims 8 to 16, wherein said grooves are 
5 substantially filled witti a pliable material. 

18. An s^aratus as claimed in any of claims 8 to 17, wberein grooves are fomied 
on the outer surface or inner surface of the tubular body or combinations thereof 

10 19 An apparatus as claimed in any of claims 8 to 18, further comprising at least 
one profile cut formed in the outer surface of the body. 

20. An apparatus as claimed in claim 18, i;(dierein the at least one profile cut is 
constructed and airanged to close xxpon e3q[)an5ion of fiie tubular body. 

15 

21. An apparatus as claimed in claim 19 or 20, wherein the at least one profile cut is 
fomied at a depth less than a depHx of the grooves. 

22. An apparatus as claimed in claim 19, 20 or 21, wherein the at least one profile 
20 cut is substantially filled with a pliable material. 

23. An ^paratus as claimed in any of claims 19 to 22, comprising a plurality of 
profile cuts intersecting the grooves. 

25 24. An apparatus as claimed in claim 23, wherein the plurality of grooves and the 
plurality of profile cuts are formed in a pattern. 

25. An ^aratus as claimed in any of clauns 19 to 22 when appended directly or 
indirectly to daun 1 5 , wherrin the at least one profile cut is formed on the surface of the 
30 plurality of substantially id«tical shapes, whereby the at least one profile cut intersects 
the grooves. 
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26. An apparatus as claimed in any preceding claim, 'wherein each of the first and 
(he second tubulais is a string of casing. 

5 27. A. method of completing a wellbore comprisiiig the stq)s of: 

providing a first tubular, said first tubular having a pattern of grooves on an 
outer sur&ce of a portion thereof 

positioDing a second tubular within a wellboie 

positioning said first tubular coaxially witbm a portion of said second tubular, 
10 said secoiui tubular having an inner diameter which is larger than flie outer diaxnete^ 

said first tubular, 

positioning an expander tool within said first tubular at a depth proxhnate the 
pattern of said grooves; and 

activating said expander tool so as to apply a force to the inner surfece of said 
15 first tubular, therd)y expanding said first tubular such that the outer surface of said first 
tubular is in fiictional contact with the inner suifece of said second tubular 

28. A method as claimed in claim 27, wherein said grooves are disposed in a 
continuous pattern about the drcumfisrence of said first tubular body, said grooves 

20 intersecting to ftem aphirality of substantially identical shapes. 

29. A method as claimed in clafau 28, wherein said substantially identical shapes are 
diamonds. 

25 30. A method as claimed in claim 27, 28 or 29, wherdn 

said grooves are substantially filled with a pliable material; and 

wherein said step of activating of said expander tool is accomplished by 

applying hydraulic force to a pluraKty of roUer members disposed radially about the 

expands tool. 

30 
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31. A method as claimed in any of claims 27 to 30, wheran the first tabular further 
cozi^rises a plurality of profile cuts disposed about 6e circumference of the first tubular 
body, fomied at a iepOx less than the grooves. 

5 32. A method as claimed in claim 13, wherein the profile cuts are filled widi pliable 
material 

33. A method as claimed in claim 31 or 32, wherein* as the first tubular is expanded, 
the profile cuts close. 

10 

34. A method as claimed in any of claims 27 to 33, further comprising fiie step of 
positioning gripping means on the outer surface of said tubular body interdispersed 
between said grooves for fizrtiier increasmg fiiction between the first and second 
tubulars upon expansion of said first tubular. 

15 

35. A meftod as claimed in claim 34, wherein said gripping means defines a 
plurality of raised members extending outward fipom the outer surface of said first 
tubular. 

20 36. A method as claimed in claim 35, wherein said plurality of raised members 
define inserts filled into preformed ^ertures in the outer surface of said first tubular. 

37. A method as claimed in claim 36, wherein said inserts are fabricated fiom a 
hardmed alloy material. 

25 

38. A me&od as claimed in claim 36, whorein said inserts are fabricated fi^om a 
ceramic material 

39. A mediod as claimed in any of claims 35 to 38, wherein said plurality of raised 
30 members are initially recessed at least partially within the wall of said tubular body, but 
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liiea pxotrade from the outer surfece of said tubular body upon expansion of said tubular 
body. 

40. A method as claimed in claim 35, wherein said plurality of raised members 
5 defines a plurality of buttons having teeth. 

41. A method as claimed in claim 34, wherein said gripping means defines a 
plurality of hardened tooth patterns added to the outer surface of the tubular body 
betwem said grooves. 

10 

42. Amelfaod as claimed in any of claims 27 to 41, wherein each of the first and the 
second tubulars is a string of casing. 
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